J) 



Europaisches Patentamt 
® European Patent Office Q Publication number: O 245 838 

Office europeen des brevets A2 



EUROPEAN PATENT APPLICATION 



@ Application number: 87106866.4 
(§) Date of filing: 12.05.87 



® Int CL': G 01 K 1/00 

* G 01 K 1/02 



@ Priority: 13.05.86 JP 109793/86 



(3) Dateof publication of application: 
19.11.87 Bulletin 87/47 

@ Designated Contracting States: • • 

AT BE OH DE ES PR GB GR IT LI LU SE 



< 

00 
CO 
00 

10 

CM 



@ Applicant: Kal, Isao ' 

l-chome, 1 1;-4, Oyamadal Nishi-Tsutsujigaoka 
. Kameolcfi-shi Kypto-f u(JP) 

@ Applicant: OMRONTATEISI ELECTRONICS CO. 

10,T8Uchtdo-chb Hanazono Ukyo-ku 
: Kyoto-shiKyoto-fuMP) 

(32) Inventor: Ote^HiroyukiOmronTatelsl Electronics Co. 
Patent Centelii^O Igadera Shlmo-Kalinjl 
Nagaoi^al^o^^City Kyoto 617( jp) 

(72) Inventor: Kal; Isao OmronTateIsi Electronics Co. 

Patent Center 20 Igadera ShImo-KalinjI 
"■ ^l Na£;aokakVo-City Kyoto 617(JP) 



Representative: WILHELMS,KILIAN& PARTNER 
- - ' Patontsnwalte 

Eduard'Schmid-Strasse 2 
; D-8^0«/!dncj^en 90(DE) 



@ An electronic thermometer having means for predicting a converged temperatiire. 

(S) An electronic thermometer Includes temperature sen-f , !:f 
sing member (11) for sensing a temperature on a pred- ? ' >^ 
etermined sampling cycle to produce a measured yaSue, PJ^-^*> 7* ' "^'^ 

dieted value computing member (10, ST13) for predicting a " , 
predicted value corresponding to a converged temperature in ' } 
view of the measured value produced by the sensing 
member, first judging member (10, ST21) for judging that a 
predetermined drop of the measured value has continued for 
a predetermined time interval, alarming member for alarm- 
ing in response to an output generated from the first judging 
member that the prediction by the predicted value computing 
member is not available, and display member for displaying 
the measured value of the predicted value 



CL 
lU 



Croydon Priming Cbmpahy Ltd. 



r.<BP 0245e38A2.L> 



WILHELMS KILIAN & PARTNER 

PATENTANWALTE IN MUNCrtEN UNO HAMBUPte* 
European Patent Attorneys • Mandat^res ^n Brevets E{iropeens' 



Isao Kai 
Kyoto / Japan 

OMRON TATEISI ELECTRONICS CO. 
Kyoto / Japan 



Ari Electronic Thermometer having Means for 
Predicting a Converged Temperature 

Priority : May 13,, 1 986 , t% Japan - No., , 109793/1 986 
Field of the Invention 

This invention relates to an electronic thermo- 
meter having means for predicting a converged or steady 
temperature based on a measured temperature, and inore 
particularly to an improved clinical thermometer 
including means for alarming that the predicting means 

is inoperable. 

? 'ri > 'i ^ '*'V fyj. ; ' ''- 

D iscussion of the Prior Art 

There is conventionally known an electronic 
clinical thermometer so designed that a body 
temperature is sensed by a temperature sensor, the 
sensed temperature is read by a processing unit, such 




to be displayed, while a co;iverged temperature is 



predicted according to the sensed temperature to- be 
displayed instead of the sens^ed temperature. After? 
obtaining a predetermined volume of data about the 
sensed temperature, the converged temj>erature is 
subsequently renewed until completion of the measure- 
ment so as to improve the .accuracy of the meiasurement, 
but when the sensed temperature .suddenly the 
predicting operation is judged to be impossible so that 
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an indication of an operation error is displayed. 

The judgement that the predicting operation is 
impossible is performed only when the degree of the 
drop of the temperature becomes iar^ thaii' a 
predetermined value, for example/ in the eVent that the 



temperature sensor is fairly out of measuring position. 
The conventional electronic thermometer in the event 



that title temperature sensor is slightly shifting from 
the measuring position , however, continues to compute 
10 out a converged temperature to be displayed by judging 
that the predicting operation is possible since the 
sensed temperature drops within a' certain dTegr^ so 
that the measurement is finished continuing erroneous 
prediction which results in a low reliability. 

15 " ■ ' ■ Sitomarv of the" invention ' 

ri..'^-:'.; •■■■•■!/-.<:■■•:.■. T-TO i ';d fri-.iy ou; r.:;lp,r.2q,Tr£.::y ,V ;■ ■^-i-;; 

Against the above background, this invention has 

•■.'.,■>} Pi-. ^.U ; r.:l,'-.:.3r£ Jc tio ,'0:^1.:. ^^.r';- rc> ■■ <_ 

as its object to provide an electronic thermometer 

capable 6f determining inoperativeness of such 
•predicting a converged temperature in case that a drop 
20 - 6f the sensed temperature continues for ia piredeterroined 
tijne interval other tha'ii the sensed teiaperature drops 
below a predetermiheci value. - ^ ^> - J ' 
. . : J i jj^r ^accdardance ' witfi this inventibnV there is 
I^reVidya an eiectrohic thermometer comprising temperature 
sensing means for sensing a temperature on a predetermined 
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sampling cycle to produce a measured value, predicted 
value' cbihputing means for predicting a predicted value 
cbrrespdndihg to a converged temperature in view of the 
measured value produced by the sensing means/ first 
5 "judging means for judging that a predetermined drop of 
"^^'"^ the* measuredf value has' continued for a predetermined 
time interval/ alafniing" means 'f^ in response 

to an output geriefateld from the first judging means 
that the prediction by the predicted value computing 
10 means is not availabie, and display means for displaying 

the meksured valxie or the predicted value. 

' * ' other objects and advantages of this invention 

will be apparent to those skilled in the art from the 

\ 'IS CiA^^V^ Tj::^.; i ■ i r-7.::;'- 

following description of the preferred embodiment in 

15 conjunction with the appended drawings » 

Brief "^Description of the Drawings 

Fig. 1 is a control flow chart employed in an 

electronic theinnometer as a preferred embodiment of 

this invention? 

20 FLql 2 is a front view of the' electronic 

thermometer of the embodiment; and 

Fig* '3 Is a schematic circuit block diagram of the 

thermometer, 

" Dei-ailed ' Description " 
25 ' *hls' invention as' its pr^^ 
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an electronic thermometer I as shown in Fig, 2 which is 

; ■ , . ;. :■• . r ^• ■ r .• ^ • 

SO designed to predict a converged temperature 
corresponding to a body temperature tp be taken. The 
thermometer 1 as a single unit consists of a rectangular 
main body 2 and a probe 3 which is formed of a slender- 
rod- shape to have a temperature sensor 4 at its tip 
end. The main body 2 includes a display 5, a . one-touch 
power switch 6.and a buzzer 7, and further a control , 
circuit unit 8 therewithin. 

As shown in Fig, 3, the control unit 8 is so 
constructed that a detection signal from a temperature 
sensor 4 is converted to a digrital signal by an A/D 
converter 9 to be applied to CPUIO. A temperature 
sensing means 11 is constructed .by the CPUIO reading 
the detection signal representinc an actuallv measured 
value on a predetermined samplijig^ c^ for example ^ 
every one second. The CPUIO further stores the 
measured value in a storage 12 and , applies it to the 
display 5, Upon actuating the power switch 6, a 
switching signal is applied to the CPUIO so as to be 
supplied with a power from a source 13 and produce a 
buzzer signal for application to the buzzer 1. 

The CPUIO is provided with a converged value 
computing means for computing a predicted value of a 
converged temperature according to measured values, a 
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. means for judging whether a measured: value has droped 
below a - predetermined value, a, means for judging' 
whether ai. predetermined small drop of the, measured 
value has contiinued for^ a predetermined time, interval , 
5 „ and a means in . accprdanc the judgement by the 

^ . aboye meanSfMfor.determiningv^a^ state: about . 

. prediction , of jthe converged temperature so as to make a 
buzzing . $ound. by ^, the buzz e^^ J - -^ -rt c 

The , construction and the- operations of the 
10 . .electronic, thermome^ter Ir. will be explained, hereinafter 
in. accordance::, with ^a QpittTol^ flqyr chart ras:. shown in 

Upon ; turning pn the power switch 6,.. the thermo- 
meter' 1 is initialized^ 
15 ^ tiP*®Pr S?;?-.) i^I^S'^yi W^^I^'^l'^s PJK^y second has; elapsed is 

. ingixir ed .( step^ ST2 ) sp^ ithatv the f oilowing operations 
are perf ormed > every .seco.n^% to : returnr to-. ithe '^s te^^' ST2 • 
, _After elapse,.rO:f r one: second,, .a timer !'.t". is added^ by a 
rr .:.V^lp® "li!' .(.step; ST3);>; and temperature datai, viz, > 
20 , , ^ measured . y alues;,c . T.( t ); r are read ( step ST4 ) . ^ i Thus > a 

measured . yalue; T ( t) produced dn the temperature'^ sensor 
4 is read by the CPUlO on a one-second sampling Cycle 
r-. .^iteitper^tl^r^ r.^-f /c.::')^. 

J. ,r: S^^; 51 fcl^eP; S3»5 ^ ,an is*, made a^:: -to i whether 

/ }■ i8:^;larger:.than:xa' peak value Tp; 
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in other words , whether th6 peak value Tp~represtenting 
the aiaximian value' among the ihealsurfea values T(t) after 

: the. initiation of ' the ' ineas'urenieht should' be renewed , 

t|Phe - state that the^measured value 'T(tr i larger than 
the peafk valuer Tfi shows a^hofiftar measufihg operation ^ 
and allows the following norm&l measuring- bp^jErations to 
be executed (ST6^ through ST15 ) s The seqtience 'moves 
from step ST5 to step ST6~ wherein the' peak value Tp is 
renewed and a- dowh^timer » td " aiscribed' later is reset 
to - 0 * . ; ,lh step ST7." whether" e^-ptfedictibn is processed 
orv whether a .predittic*i-; rtiag g is 'set to-'**!" Is ' 
inquired. In an initialV- measuring stage, the predic- 
tidn flag S d^- set tsi^ < I'O** 4hd' a * PNiy*^t"es'pbhse is ^ 
applied to'. stepf'ST8~ where- the- 30 secdnds in a 

me.asuri<tigi timfe'>;t"?o'i:e.? i^eiiiirfe'^- -"''Bn^il the-melsiiaring ' 
tdme."t*;-creafahfes 30^ sifed'ohdff> the^ieqliihlje'^ ilbws^' to step 
STiS whereiH the- i»eakvi Value' l?p 'isf^' dis|>layea' On the 

• display- 5 , andr f uirthsr, .to? step BTlt)^» wherein the comple- 
tioji. of the measurement br the- X'&pS€i'df 900 seconds in 
the measuri-hg time is inquired-.^-' Unie'ss the^ measur- 
ing tiane "t" reaches '900 secondsy the sequence returns 

•:tc: step. ST2', ■ :. '■• ■■■!••■■■■' v-- '.' 

After the lapse of ^30 ^S^condlS^" frtij- -the start of 
the,- measurement,., a ^'XesP'-k^apoxiki^ t^^plieA from step 
■ STB 5to step..5^Plli:wherigi=5i whfether' ptiredibtibrf is available 
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or whetljer. npn-prediction flag is. set to, "1" is, inquired. 
In normal measuring op^erations. t^ non-prediction flag 
is set, to "0" and the sequence .moves to. step ST12 where 
prediction, f lag s. is set .to, j':!,**? . In step ST13 (predicted 
val»€t computing^, mejans) a. predicted y for a 

ppnyerged temperatur Then, the predicted 

yalpe Ts is, dlspl^^yed by .,thj& : display 5, (step .ST14) and 
the^ sequence returns to Step ST2 through step ST10« In 
t^^ie^ subsequent sainp^^ing time the. . prediction tl^g S is 

set fio^ ^^f^P^i ^ 1^%^^" y^^^P^P^^ applied from 

step, ST:7-, to .step, SITIS rWhe?^^^ ^an inquiry is made /as to 
whether, pred^^^ is ayaf lable>- viz whether:^ non-predic- 

±ion .f lag, ;F isi^^sjBt^ nonaal state^where the 

f lag f:=0 , ^th^v sjeg^exv::e f Ipws ,f rom^^^ ST 15., to; step 

ST13 in which a predicted^:yalu<^ T.s be 
iSispl^yed, ,Qn ^|;^he^, displ,^ ^5 /(rPtepn ST^LJi) , cUid. returns to 
step ST2 through, st^e^. ^!E10, TliuS;/; the px^edicted value 
T.S is renewed, jtp_j bet; diisplayed ,vn3til ^the measuring time 
t reaches .9 1^^^^^^ 0^^ :the power si^jltch 6 isi turned 

Qffr. yiz. a •,*?^ea,V., response is produced in step ST 10 to 
cpi^Ejlete th^ -mjeasuring operatiqn*;^:: ^. ' ' 

If . an .i^ :iS! taken during the^ 

.ip^cLsuring, ^e ^g^. ^ti^e,,jprobe i3^,rshl£tfit.^^:f 
po^itiqi^,^ measured v^ali^e^ ?P. tt)^ T4xpps: .and: ;a "No" 
response is .j^ene;r;a^^ ;steprSTS; f or, japplication to 
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step STIS. In step STl 6/ this difference betweeii the 
msasured value T{t) and the pe^ik value Tp- ik examined 
as to whether or not it ' is eg^ial" to or larger than 
0 .3'«'C' in order to (fletermihe- i'f tJfie^ prediction is 
available. " Th^ deteinninatibh' is made' In" two^ oebiasions. '"^ 

The first occaWibA- is the ease that the" difference 
between T"(t) and'Tp- beeoiaes a predeferittined valuer 
0.3»c or larger, du4 a rapid drbp of the' keisured - 
valtie T(t) '-{first' judging in6a7iijl~ In this^'occasion/" 
the sequertce flows from -fetep- STi6' to step 8117 where an 
inquiry is ihade fes ^tb 'whethdi^ the ribn-p^ flag P 

is sfe^i-tb' "l*"^.' " If ^ the- iiag P hd^ heen set tb' %" , it 
■ is 'seV fco ^'^I"^-tb 'ac'tuate the-' buzz bi^^ '? (steps 'ST18 and" 
»ST1.9) . ■frhen,' %he> sequfeh'c^^ 'rbturK^^-- from stei) STl'S to 
•steip-:ST2^'thrbbgh''' slSe'j:?'-§T^O^^^ .:'r..:nv 

/ -iT'he se'bbrfd ocb'aalcfii 'ts'-^'thW'" c^sfe that' the" measured 
• vaiue' T (t) drops bfelow the' peak Tp^' (a* "No" response in 
.step ST5) but -th'fe' 'difference' is be'lbw b-;3*C 'in 'step 
ST16V so that" a "No" response' £s appiied-^f fom step ST16 
to step ST20' where the dbwn timer "•'td*' is cbunte'd by 
"1". In step ST.21 an inquiry is- made as to whether the 
eiapsed) -timie by' the 'dowrf tinier "td"^ becomes 10 seconds 
or longer (secon^^ :ji3ag'ihg'%etans)', and", if^ 'fo' Vebbnds 
.elapsb,'-ths.:pred!iction'%& jlidge'd'%'3 ^n5)ossible 'and the 
;seq,uenee./-f lows from '£121 to %Tl?^;^ =:th ^bther words , if 



• 



0245838 



■, - 9 - 

the measured Value" T(t) drops a little and such drop 
continues.' for more' than io secohds', there 1$ judged an 
erroneous imeaisUremerit and th^ noh-predictibn' f lag F is 
: ■ set vfstep ST18) ^'^^^^t Until 10 seconds elapse in the- drop 
5 of the misastired value, a •'"No^^jeesponse is applied from 
fST^fJ-^-tb ST7' and 4Jie above'-^menti'dne'd nbinnaT measuring 
'■■ ' opei?at'i-dn5 are itnade. If the "iriecisured value T(t) 

beconfes -lWriger^ than the" peiaJc ' value !rp in th^ period of 
10 vsecohd-s, -th^t i's,^'the «fdas\i'refd temperature tises 
10 again;rca~•^Yes" '3^6apoiise to step''-S^^ advanciss all 
. operations to - rfo^mWl -measutih'g tliat the 
K/d!:-:;«cdown-it'iit<er''td is -rese ^'<^^' '' ■■" ^J- "'- 

-if, : If ^tlfe'- n^n-i'predic€±6ri f 1 ag''-F i to "l"; a 

• .:r"iYes'.H.=respdni's^i'5^1s'%'^de' "in 'step^'^ST^H "in ' the subsequent 
isantpri'ng tinie;-'-'i6' th'^t 'the' pe^Ji^ value "Tp cbhtlnues to 
' lie ■displayed ^aiflp ^tep ST9 i - '^In*^ tliat a p^rtedib^ion is 
/.;..^ deve lopped ^'xln'pidni^'^^is produced in step ST15 
•isind appli^d ^^€d step STid; so ih'at -any' predicted Value 
w is not eoftiputfed out'J 'once the 'ndn-p^ediction flag F is 
20 : /- get/ -a "Yes"'^respbrise to ste^ ST17' flows to 4tep STIO. 
tt a^buibsfihg'souiid is made by btizzer'?, an 
' bpeirator niay notice of "an 'erroneous mea^uf in^ ' 
:oL-:c)f>eratibnr's6^t^ he cari reist^H his^ mea 
the beginning • ^ 
25 Thou^fi Me'dieitetihitt^ of 
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prediction in this embodiment: is based on the condition ^ 
that th^e pleasured value T (t ) decreases by. more than 
0.3*^0, it may be mpdified to -be . based on other 

temperature degrefef*^;;^ .Horeoyer,v:^t^ time' interval during 
the time wh^n ^ &li,ght.-^roip of ^the .measured valuje 
continues may, b^. pth^^ jsecpnds,^ if desjjxed. 

The . alarming ii:iea^ns is ^Tiot :ni:;estricted to iu^zerr;^/ but 
may use,. a modification' :Of^ the; display :5 foreshowing an ^ 
^r,ror .mark • , ISiie i-jsl^^tronic,. the . Iviaay. be : 

separate?! .inJ;o t\^p . units maij^-r^bojfly 2 rand .probe 3 . 

^ '•^h^^^v* Z*:^^ .%^^.^*^^9,^4:9 cCti>!^^P?^^.^^^ acrcordance 

with this invention is so constructed that/an. ino 
state of, predictipn^s'^iJ^Jor^^^ operator when the 

^ii^l^asuf^d , value /l?y^rthe,.)temger.a^ means :rapidly 

.dj^PP.s mjore^^ E>^edet^ ijalue ^qr; a prediBtermined 

.droj5 ..p;^. "Wie y.alue .,cpn.tinue^.,-f o^:^-^ ^^redetermined time 
,,/nt:erval,r ,.?p , tl;^^^^ cpntimAat^on i of e^ronequg prediction 
pan be ayqid^d . in , case that the only 
fairly out of position l?ut, also j slightly -shifted from 
the ^me^suring. position and. a great ^reliable ^measurement 
can be ,.obta4,^^d|f Any prediqti.agpOgeration . stops 
whenever such an . ijjoperable stat^^ prediction : is 
found whether, it .in^ during a. predicting fope^-ati 

or before, .... ^ . . 

The ,f qregqing.^escriptipn. ghoiO^^^ be., taken merely . 
as illustrative and not limited into any sense. 
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state of prediction is found whether it may be during a 
predicting operation or before* 

The foregoing description should be taken merely 
as illustrative and not limited into any sense, 

: . £ -i. \. ' T'V ./ ^: / ■ :-z 

, A. ' V- ^ ■( ■; " .-I" ; . . 

f • : V. ;■ A o <i ■ I \ X V . J • \ A : * n r c i ^ i / i. ^ 

vr-'-' M^" tv:5/:>'(; lii-ixr^ :Aorl^i r^.-r-^rj; .•^i.. 

15 

20 

: : , 0.W \. ^. . ' .■• " i; ^' ^ ''^ ^' -vo ■ .-^ • 

. v.. ; .;o:i -^iJ: ::o.>r :\ c-^ }:.:--^'-- 

25 
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What is claimed xbi 

1. An electronic thermometer comprising 
temperature sensing means (11) for sensing a 

temperature on a predetermined sampling cycle to 
produce a measured value # 

predicted value computing means (10, ST13) for 
predicting a predicted value corresponding to a 
converged temperature in view of said measured value 
produced by said sensing means # 

first judging means (10 ^ ST21) for judging whether 
a predetermined drop of said measured value has 
continued for a predetermined time interval^ 

alarming means for alarming in response to an 
output generated from said first judging means that the 
prediction by said predicted value computing means is 
not available, and 

display means for displaying said measured value 
or said predicted value, 

2. An electronic thermometer according to Claim 1 
further comprising second judging means (10, ST16) for 
judging whether said measured value drops below a pre- 
determined value, in which said alarming means is 
actuated by an output from said first or second judging 
means to alarm that the prediction is hot available. 
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(§) An electronic thermometer having means for predicting a converged temperature. 

An electronic thermometer includes temperature sen- 
sing member (11) for sensing a temperature on a pre- 
determined sampling cycle to produce a measured value, 
predicted value computing member (10. ST13) for predicting 
a predicted value corresponding to a converged temperature 1 
in view of the measured value produced by the sensing 
member, first judging member (10, ST21) for fudging that a 
predetermined drop of the measured value has continued for 
a predetermined time interval, alarming member for afarrrv 
ing in response to an output generated from the first judging 
member that the prediction by the predicted value computing 
member is not available, and display ^member for displaying 
the measured value or the predicted value. 
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